 ' evolving OGD commitment, or "OGD heartbeat". 
Introduction: Measuring Cities' Support of Open Government Data (OGD)
Open government data (OGD) policies are often perceived as a remedy for governance problems such as corruption or poor service delivery Parsons et al. 2011) , and as a powerful vehicle to spur innovation and economic development (Manyika et al. 2014; Janssen et al. 2012; Mossberger et al. 2013; Martin et al. 2013) . Indeed, OGD policies have rapidly diffused across sectors, countries, and political regimes, and become widely recognized as international norms of good governance. Since the introduction of the first national OGD portal in the United States in May 2009, more than 70 countries have launched OGD initiatives (Davies 2013) and more than 65 joined the Open Government Partnership (OGP). In 2013, G8 countries issued an Open Data Charter, committing to open data as default in all regulatory activities. Since mid-2013, both the EU and the US have adopted new guidelines that mandate agencies to release public sector information free of charge and in downloadable format on their OGD portals . Most importantly for our purposes, the open government data movement did not escape the notice of municipal authorities and hundreds of cities around the world have followed suit and launched their own OGD programs.
While OGD is fast becoming an integral part of government authorities' routine activities, there is a dearth of measures to assess and compare the OGD behavior or commitment of agencies or cities. Only few rigorous OGD commitment measures exist (e.g., Open Data Barometer (World Wide Web Foundation 2015) ; OGP Independent Reporting Mechanism (Khan & Foti 2014) ; and OpenTheGovernment.org's measurement tool (Bertot et al. 2012) ), and studies that benchmark the adoption and implementation of OGD have only started to emerge (Veljkovic et al. 2014; Behkamal et al. 2014; Sayogo et al. 2014; Susha et al. 2015) . At city level, empirical studies of OGD are even scarcer (Conradie & Choenni 2014; Ganapati & Reddick 2014) , and no rigorous measures exist as yet. What are the components of the OGD behavior of a government authority? How can we assess government entities' commitment to the release of OGD? Can we monitor the evolution of OGD behavior and commitment over time? Can we compare the OGD behavior and commitment of different governmental entities?
To address these questions on the municipal level, we developed a theoretical, mixed-method, longitudinal index that measures the so-called "OGD heartbeat" of cities over time. This index measures cities' commitment to the concept of OGD, and was developed using different municipal OGD indicators: the rate of providing open government information, the variety of aspects in citizens' lives represented in the OGD, description of the information, and a feedback mechanism for a particular dataset.
We analyzed and empirically tested the OGD heartbeat model in 16 US cities over a period of four years using a unique corpus of OGD metadata generated using dedicated software and other quantitative and qualitative measures. This information enabled us to measure their actual day-today OGD behavior against our theoretical model. The results show a clear distinction between three types of city behavior, which represent three incremental levels of municipal commitment to OGD: "Way of Life," "On the Fence," and "Lip Service."
The proposed model contributes theoretically and empirically by suggesting a way to assess OGD policy implementation, focusing on the supply side. This paper lays the foundation for a new theory that describes the implementation patterns of OGD initiatives and policies. It is also a call to scholars and practitioners to start a discussion around what constitutes appropriate OGD behavior of cities. The model can be used in future research to include and compare more cities worldwide and add measurements to strengthen the validity of our findings, or test it against other public institutions.
Cities Joining the Open Government Movement
The OGD phenomenon has drawn considerable scholarly attention in both developed and developing countries. Scholars have studied barriers and opportunities for the introduction of OGD initiatives (Janssen et al. 2012; Agrawal et al. 2014; Shen et al. 2015; Conradie & Choenni 2014) and examined triggers that lead to the emergence of OGD policies in specific countries, such as the UK (Davis 2010), the US (Peled 2011 (Peled , 2013 , Canada (Davis & Bawa 2012), China (Shen et al. 2015) , Taiwan (Yang et al. 2014) , Spain and Germany (Hunnius et al. 2014) , as well as from an international perspective (Davies 2014; Peled 2013; Davies et al. 2013) . Studies have also explored the political consequences of OGD policies and resulting power shifts (such as cooptation, e.g., Bates 2012); the legal design of national OGD policies (e.g., McDermott 2010); agencies' compliance with OGD mandates (Peled 2013; Shkabatur 2012; Worthy 2013) ; and gaps that often emerge between political OGD ambitions and the realities of their implementation ).
As OGD portals mushroom around the world, scholarly attention has turned to identifying the emerging socioeconomic and political impacts of OGD (Davies et al. 2013 , Peled 2013 Worthy 2014 , Manyika et al. 2014 . Studies discuss the central role of OGD intermediaries and "infomediaries" in helping bridge the gap between open data providers and users (Roberts 2014; Fung et al. 2013; , as well as barriers citizens may encounter in using OGD, such as lack of awareness of its benefits, insufficient technological capacities, and dearth of incentives to use it Fung et al. 2013; Zuiderwijk et al. 2015; Jurisch et al. 2015) . Despite the abundance of national-level studies of OGD, an overarching analytic framework for local-level OGD has not yet been developed. Indeed, "the act of publishing open data is new for local governments" (Conradie & Choenni 2014, S15) . While local e-government is the subject of a vast body of literature (e.g., Ho 2002; Norris & Moon 2005; Pina et al. 2010; Tolbert et al. 2008; Scott 2006; Mossberger et al. 2012) , it typically delineates general modalities of online service provision and assesses cities' performance, but does not offer targeted analysis of OGD commitment and behavior. Further, studies show that local e-government programs largely focus on delivering information and services online, with only limited channels for interaction between the government and citizens (Norris & Reddick 2013; Bonsón et al. 2012 ). The burgeoning literature on "smart cities" with citizen-centered service provision systems that promote local innovation and co-creation (Schaffers et al. 2011; Alawadhi et al. 2012; Townsend 2013; Goldsmith 2014) typically discusses the drivers and enabling conditions for municipal innovations and their potential to improve service delivery and quality of life, but tend not to focus on city-level OGD policies and practices.
Recently, researchers have examined the technical and institutional barriers to municipal OGD adoption, and noted that different municipal departments need to employ different data release policies depending on the character of services that they provide, and that these data should be released as part of an overarching strategic framework, and not "for its own sake" (Conradie & Choenni 2014, S16) . OGD case studies in selected cities have also been carried out (e.g., Gurstein 2012; Raman 2012; Canares et al. 2014; Fumega 2014; Kassen 2013) , but these typically do not offer a comparison of municipal practices and do not employ quantitative tools to assess the patterns of their OGD commitment.
Thus, the literature has largely failed to address the need for a structured local perspective on OGD. First, cities are central actors in any OGD endeavor. By virtue of their responsibility for critical government services and immediate contact with citizens, cities typically possess a wealth of data that is unavailable on national OGD portals (Evans & Campos 2013) , but that can be valuable for socioeconomic and political development purposes. This places cities under pressure from both national authorities and citizens to enhance transparency and release data, at times as part of a larger decentralization reform (Davies & Lithwick 2010; Local Government Association 2012) . Accordingly, hundreds of cities around the world, including dozens of cities in the US, have launched OGD portals. However, a theoretical understanding of current practices and the potential of municipal OGD is still to be developed (Davies & Bawa 2012; Kassen 2013 ).
Second, compared to national OGD, municipal OGD requires a different and more nuanced theoretical treatment. The political and socioeconomic diversity of local governments, as well as the heterogeneous character of municipal services, complicate comparisons, requiring careful consideration of multiple factors affecting cities' OGD capacity and potential (see Yavuz et al. 2014 for a similar observation regarding municipal websites in general). At the same time, the simultaneous emergence of thousands of municipal OGD web portals worldwide represents a concrete and exciting opportunity to collect and analyze data about these portals and learn why some cities outdo others in the OGD domain.
Theoretical Framework: The OGD Heartbeat of Cities
We propose to fill the theoretical gap about OGD at the municipal level with an innovative model to assess the OGD heartbeat of cities: their evolving OGD behavior and commitment. The OGD heartbeat model differentiates between three prototypical levels of commitment to OGD: (1) Way of Life -high level commitment; (2) On the Fence -low or erratic commitment to OGD; and (3) Lip Service -scarce or no commitment to OGD. Since we focus solely on the behavior of cities in their open government portals, we suggest four theoretical indicators which together may distinguish one city's level of commitment to OGD from another's. Subsequently, we will report the findings of an empirical test designed to determine whether these indicators combine to constitute a clearly defined pattern of commitment. The four indicators are: 1) Rhythm of providing OGD -measured by the number of datasets uploaded by the city since the inception of its OGD initiative and the long-term regularity of these uploads. Our assumption is that commitment to OGD is reflected by a consistent, rather than erratic or scarce, rate of information release by the city. Further, a regular and consistent practice of OGD releases can imply that OGD has turned into a norm and become institutionalized in municipal departments (Boin & Christensen 2008; Feldman & Pentland 2003) . 2) Coverage is the extent to which the city's OGD publications encompass a variety of aspects in the life of its residents. The literature shows that cities that provide a wide range of services to their residents on a daily basis exhibit higher levels of commitment to their residents, are more successful, and enjoy higher levels of trust from residents (Griesller, 2012) . We assumed that this is consistent with OGD commitment: The more varied the information provided by cities, the more committed they are to OGD. 3) Categorization refers to the provision of metadata keywords and categories to identify and describe each OGD information asset. Information scientists (e.g., Bowker & Star, 1999) have extensively studied the importance of categorization. The ability to consistently categorize an information item testifies to the thought and effort put into the task and reflect a commitment by the categorizing entity (Carlyle 2015) .
4)
Feedback is defined as the inclusion of contact details of the municipal unit or official responsible for each disclosed information asset or queries about it. This is consistent with studies showing that citizen feedback mechanisms strengthen governments' sense of accountability (e.g., Fung 2006; Dowdle 2006; . 
Rhythm
The city regularly releases a significant volume of OGD.
The city provides erratic OGD (either with low or significant amount of data), or consistent and low volume over time.
The city provides scarce or no OGD.
Coverage
The city fully or nearly fully covers the spectrum of municipal life aspects in the OGD it discloses.
The city covers a partial spectrum of municipal life aspects in the OGD it discloses.
The city focuses on a small number of municipal life aspects in the OGD it discloses.
Feedback
The city consistently provides contact details of the unit or official responsible for the disclosed information.
The city sporadically provides contact details of the unit or official responsible for the disclosed information.
The city scarcely provides contact details of the unit or official responsible for the disclosed information.
Categorization
The city consistently provides metadata of keywords & categories to describe its OGD.
The city sporadically provides metadata of keywords & categories to describe its OGD.
The city scarcely provides metadata of keywords & categories to describe its OGD.
OGD Heartbeat High level of commitment to OGD
Low or erratic commitment to OGD.
Scarce or no commitment to OGD.
Before proceeding to the Method section, a few important comments are in order. First, the levels listed in the table represent ideal behaviors. A city may exhibit high commitment to OGD on one dimension (e.g., Coverage), and low commitment on another (e.g., Rhythm). Second, the city's ranking on each of the four indicators is determined in relative terms, based on the comparison with other cities included in our sample. Third, cities may shift over time from one level to another, based on their evolving OGD behavior and commitment. Finally, this model is a point of departure: Additional relevant indicators may be found in future studies.
Method
This paper is theoretical and empirical, applying a longitudinal mixed-data, comparative approach to examine the OGD commitment of 16 cities in the US. Two types of datasets were used: (1) A large corpus of metadata about OGD uploaded by the cities; and (2) Primary qualitative data, which we coded to represent an aspect of the Coverage indicator.
The metadata corpus is based on the Public Sector Information Exchange (PSIE; Peled 2014). This software platform crawls into an OGD portal and performs an initial indexing of all information assets published by the city. It then returns to the portal once a week to find new information assets or glean new metadata about previously indexed ones. 1 The most important and lowest-granular information in our corpus is the rich metadata descriptions that cities publish along with the data on their OGD portals. To the best of our knowledge, not a single other central repository exists today for scholars studying governmental release of datasets on individual OGD portals on such a large scale. This research technique can also be applied to other levels of government -state, federal, and international.
In this paper, we relied on the PSIE software to extract the metadata of OGD datasets by a given city. The corpus contained 5006 OGD datasets uploaded by the 16 cities from 2011 through 2014 (see Table 2 ). The variables were accumulated on a daily basis to enable longitudinal analysis. The cities selected for the sample are included in the federal US OGD portal (www.data.gov) and have an OGD portal in an open standard (such as JSON, CKAN or Socrata). They differ in location (see Figure  1) , population size, socioeconomic conditions and the number of open datasets disclosed (see Table  2 ). While they cannot be considered as fully representative of the municipal OGD experience in the US, they do provide rich insights into the municipal OGD heartbeat.
Figure 1: The Location of the 16 OGD Cities
1 The frequency at which our software crawled through the municipal OGD websites was determined by the limitations of the robots.txt files that the OGD portals define to control the pace at which automatic crawlers scan and index portal contents. However, once crawled, our software could identify the particular days in which information assets had been uploaded or changed. Therefore, we were able to produce daily measurements for each information asset. 
Total 5006
Additionally, we created a qualitative dataset which represents the spectrum of municipal issues a city can address: distinct metacategories. This dataset was crucial to the evaluation of the Coverage indicator. We examined the content of 5006 OGD datasets and coded them into 15 qualitative metacategories covering the main issues cities address. 2 The analysis of the composite index measuring the OGD Heartbeat consists of operationalizing the four theoretical indicators (Rate, Coverage, Categorization, and Feedback) discussed in Section 3. Table 3 presents the full list of variables, measurement items, and weights that compose the index. The variables were accumulated on a daily basis and represent a longitudinal analysis (four years). 3 There was no collinearity in our sample. However, we believe that our analysis must be tested against a larger sample (currently N=895, the cumulative number of days on which any of our 16 cities released at least one OGD asset). 
Assets with both category and keywords
The provision of metadata keywords and categories to identify and define each disclosed information asset. We assume that a city commited to OGD will consistently assign descriptive keywords and categories to its information assets.
Coverage (40% of index)
The extent to which the OGD disclosed by the city encompasses a variety of aspects in the life of its residents. We assume that the more varied the information provided by a city, the more committed it is to OGD.
Distinct Metacategories (70%)
A qualitative measurement coded by the authors to measure the variety of areas covered by OGD.
Distinct Categories (20%)
An automatic metadata, which indicates the variety of categories used by the city to describe its OGD assets.
Distinct Keywords (10%)
An automatic metadata, which indicates the variety of keywords used by the city to describe its OGD assets.
Feedback (10% of index)
The inclusion of contact details of the unit or official responsible for the disclosed dataset. We assume that a city committed to OGD will consistently provide this information.
Assets with Feedback (50%)
Were contact details provided as part of the dataset's metadata?
Assets with Distinct Feedback (50%)
The distinct number of contact persons or units whose names are mentioned as part of each dataset's metadata.
Rhythm (40% of index)
The city's rhythm of uploading OGD datasets. We assume that a city committed to OGD regularly releases a significant volume of OGD.
Normalized daily upload periods ratio (30%)
The normalized number of periods where, each day, at least one OGD asset was uploaded.
Normalized monthly upload periods ratio (30%)
The normalized number of monthly periods where, each month, at least one OGD asset was uploaded.
Current uploaded assets (20%)
The total number of assets uploaded on a current day.
Accumulated uploaded assets (10%)
The total number of assets uploaded, including all assets uploaded in previous days.
Daily upload periods (5%)
The number of daily periods where, each day, at least one OGD asset was uploaded.
Monthly upload periods (5%)
The number of monthly periods, each month, at least one OGD asset was uploaded. The OGD Heartbeat of cities is a composite index. It reflects both a city's current OGD behavior and its commitment to OGD. OGD behavior is a static picture, which relies on metadata that became available on the last date on which a particular dataset has been released or updated, and is presented in Figure 4 . 4 A city's commitment to OGD represents the trajectory that the city takes in regard to OGD (see Table 4 ).
Results

Figure 4: OGD Heartbeat Rank
4 City officials can change the data or metadata of a particular dataset. In practice, municipal workers release a particular dataset and rarely return to update its data or metadata. Accordingly, in this paper, we analyze the latest and most upto-date version of each dataset's metadata (which is often also the date when the dataset was first released). The coefficients in Table 4 represent the best-fitting slope of the regression for each city's daily improvement. The maximum OGD heartbeat in our sample is 0.945 with a mean of 0.351 and standard deviation of 0.130. The Slope by Date column shows the actual trajectory of every city over time measuring change over time per each city and in comparison to the others (note that Santa Cruz and Wellington are not significant since they behave erratically). The 95% Confidence Interval column represents the marginal errors of the slope and the scope of the trajectory the city can take regarding OGD. 
Discussion
The OGD Heartbeat index depicts the evolving OGD behavior and commitment of 16 US cities that differ considerably on a range of dimensions. While further analysis is needed to gauge factors that drive cities to adopt certain OGD behaviors, the index allows several preliminary observations. First, the paths to high OGD Heartbeat values seem to vary significantly among cities. For instance, Boston and Chicago share a similar OGD Heartbeat score, but differ considerably in terms of political will toward OGD. Boston's OGD portal was launched in September 2012, but no formal guidance was given to agencies to publish data on it. As a result, data releases were sporadic and mostly made by a single employee of the Boston Redevelopment Authority. This dynamic changed on April 7, 2014, when a Boston City Councilor At-Large, Michelle Wu, issued an Open Data Ordinance, which mandated city agencies and departments to publish a variety of information assets online and set strict reporting and monitoring requirements. Two days later, Mayor Martin J. Walsh announced that he had signed an Open Data Executive Order, calling on the Chief Information Officer, in consultation with city departments, to issue a detailed open data policy for the city. A deadline was not set for the publication of this policy which is yet pending. As a result, there is still no official mandate for city departments to release OGD. In Chicago, on the other hand, OGD was the personal initiative of Mayor Rahm Emanuel, who in December 2012 issued an executive order to launch an open data portal and created institutional infrastructure to support OGD policy. He created the position of Chief Data Officer who led the development of its OGD policy, directed city departments to designate open data coordinators, established an intra-agency Open Data Advisory Group, and ordered agencies to make all their data available "to the extent practicable" (Open Data Executive Order No. 2012-2) . City authorities received significant technical and consulting assistance from local universities and research institutes (such as research centers at the University of Chicago and the nonprofit Metro Chicago Information Center), and considerable financial support and technical assistance from institutions such as the MacArthur Foundation, Sunlight Foundation, and Code for America (Kassen 2013) . Boston and Chicago illustrate how two cities can share a similar OGD heartbeat but take different paths to attain it.
Second, it should probably not be surprising that even cities for which OGD is a way of life gravitate toward politically "neutral" data releases that do not require special effort. For instance, 39% of Austin's OGD releases consist of detailed data regarding the activities of the municipal animal shelter (e.g., animal intakes per day). For an unknown reason, Austin has assigned these datasets to the category of "government." Similarly, 80% of the data released by Boston and 24% of the data published by Baltimore-two members of our prestigious Way of Life club-consist of census information, while 23% of Kansas City's releases consist of data on historical traffic counts across the city. Conversely, data on potentially sensitive issues such as details of budget allocations for various municipal departments, spending, contracts, employment conditions of municipal employees, etc. are released less often. At the municipal level, citizens may find such politically neutral data useful. The publication of politically neutral data is one path through which a city can integrate OGD as part of its way of life.
Third, it is difficult for cities to maintain a consistent rhythm of significant OGD releases without significant institutional infrastructure and support. Only two cities in our sample-Chicago and Kansas City-have an OGD Way of Life on this dimension. Several other cities do not have a consistent rhythm of releases, and the majority of cities in our sample fail to sustain any rhythm at all. One of the reasons for such low performance is the lack of institutional support for OGD in the majority of cities. It also seems that cities may publish information assets as an immediate response to external pressures, such as new policy interventions. For instance, spikes of OGD publications right after the introduction of new OGD policies occurred in Baltimore, Boston, Los Angeles, and Madison. The extent to which such spikes have translated into routine OGD releases seems to depend on the institutional infrastructure and support for the implementation of OGD policies. As mentioned above, such infrastructure and institutional support is available in Chicago (Kassen 2013) . In short, strong municipal OGD institutional support must exist for a city to sustain OGD as a way of life over the long term.
Finally, Kansas City is the leading city on most dimensions of the OGD Heartbeat index, creating a strong power law. This robust performance does not seem to be attributable to any single factor, but rather to a generally conducive environment. For instance, Kansas City has been part of the federal Code for America program, which fosters digital innovation in participating cities, and has hosted a range of summits and community events that brought together social entrepreneurs and digital innovators. Its flagship initiative is KCStat-a dashboard that aggregates data and measures the city's performance on 24 strategic priorities defined by the city council (Shueh 2013; kcstat.kcmo.org) . These activities created a favorable atmosphere for OGD: The mayor and the city council passed a joint OGD resolution in 2013, and empowered so-called "open data champions" to lead the OGD policy implementation. These champions adopted a practical OGD approach: They released publicly demanded data (e.g., traffic, line item budget) and non-sensitive data that could be easily released by agencies (e.g., census) (Code for America 2013). Qualitatively and quantitatively, Kansas City is a good illustration of our first OGD level that describes cities that have turned OGD into an integral part of their way of life.
Conclusion
To conclude, we have developed and tested a theoretical model to assess cities' commitment to the concept of open government data (OGD), according to three levels: (1) Way of Life, reflecting a high commitment; (2) On the Fence, representing either low or erratic commitment; and (3) Lip Service, referring to either scarce or no commitment. These levels draw on four key indicators: (1) Rhythm, (2) Coverage, (3) Categorization, and (4) Feedback. We empirically examine this theoretical framework using longitudinal mixed-method analysis of the OGD behavior of 16 US cities for a period of four years. Results show that the behavior of OGD of cities is indeed distinct for each level.
This OGD heartbeat of cities thus appears to be a valid index of cities' behavior and their evolving commitment to release meaningful OGD. It also provides the basis for the discussion of future interventions to enhance cities' commitment to OGD. While we employ this model to assess the evolving, longitudinal behavior of cities with regard to OGD initiatives, it may be adapted to analyze any information supply intervention by national or local government agencies.
There are few limitations to this study. First, although the sample that we worked with-5,006 datasets from 16 cities-is large, it still only covers a small fraction of cities that adopt and implement OGD initiatives. Larger data samples would be useful to illuminate additional OGD patterns and add nuances to our suggested model. Second, a full understanding of why cities gravitate toward one type of OGD behavior or another would require a nuanced analysis of the socioeconomic and political context within which OGD policies are adopted, as well as an assessment of how the use of OGD by individuals, organizations, or businesses affects the city's commitment to its OGD policy. As this paper primarily aims to develop a model to assess cities' commitment to OGD, these two directions are beyond its scope, but they could be an important contribution to the nascent literature on the OGD behavior of cities.
